Introduction
Periodisation with the application of the principle of overload training is a regular feature in an athletic training programme (Meeusen et al., 2013) . These typically short-term 'intensified' periods occur in the forms of both training (training camps) and during busy competition schedules (tournaments, stage races etc.). The risk of under-recovery during these times is considerable and if the balance between appropriate training stress and adequate recovery is disrupted, a state of 'overreaching' may develop (Meeusen et al., 2013) . Overreaching can be defined as a short term decrease in performance, which in the absence of recovery (and supercompensation) may develop into the more severe overtraining syndrome (Fry et al 1991) . It is understood that several compounding factors, such as poor nutrition, inadequate sleep, illness and psychological stressors can augment the development of overreaching.
Sleep is considered to be the 'gold standard' post-exercise recovery procedure amongst athletes (Myllymaki et al., 2011; Samuels, 2008) . During sleep, muscles are in a complete state of relaxation allowing effective myofibre restoration. This process is further enhanced by the release of growth hormone from the pituitary gland during the night which stimulates protein synthesis and has important effects on muscle and bone growth, repair and adaptation (Davenne, 2009) . When sleep quality or duration (or combinations of the two) become compromised, there can be a significant detrimental impact on human functioning and mood state (Pilcher & Huffcutt, 1996) . Sleep deprivation studies in athletes have reported increased errors, impaired decision making, reduced maximal power, increased fatigue (Reilly & Edwards, 2007) and an attenuation of the ability to perform maximal exercise, as both aerobic and anaerobic pathways are affected (Davenne, 2009 ).
Research has shown numerous beneficial effects of sleep on exercise performance, and equally several studies have reported positive effects of exercise on sleep physiology (Kubitzet al, 1996; Youngstedt et al, 1997) . Regular physical activity has been shown to improve self-reported sleep compared with a sedentary lifestyle (Davenne, 2009; Driver & Taylor, 2000; Youngstedt & Kline, 2006) . It is also understood that exercise improves mood state (Blumenthal et al., 1999; Dunn et al, 2005) , which can be an additional factor in improving (or disturbing) sleep (Uchida et al., 2012) . Acute exercise in the evenings has been suggested to have positive effects on sleep (Flausino et al, 2012; O'Connor et al, 1998; Youngstedt et al., 1997) , especially when it is of moderate intensity (Vuori et al, 1988) .
However, it has been proposed that high-intensity exhaustive exercise may be disruptive to sleep by causing decreased rapid eye movement (REM) sleep and increasing wakefulness (Driver & Taylor, 2000) . It has also reported that elite athletes experience poorer sleep quality than age-matched sedentary individuals, but still remain within the range for healthy sleep (Leeder et al, 2012) . Research to date suggests that interactions between sleep and exercise do exist, but are not yet fully understood.
Relatively few studies have investigated the effects of exercise training on sleep physiology in athletic populations (Souissi et al., 2011) . Thus, the manner in which sleep duration and efficiency are affected by strenuous exercise and training days remains unclear (Fietze et al., 2009 ). Previous sleep research has primarily focused on physically active groups of 'good sleepers' whereby the exercise stress is low and the margin for sleep improvement is relatively small (ceiling effect) (Driver & Taylor, 2000) . A small collection of studies have reported sleeping behaviours in athletes, finding evidence for sleep disturbance during busy times in the season (Taylor et al, 1997) and reduced sleep efficiency, duration and immobile time when diagnosed as overreached (Hausswirth et al, 2014) . Conversely, increases in slow wave sleep during busy periods have been reported, suggesting improved sleep quality and thereby supporting the restorative theory of sleep (Oswald, 1970) .
The effects of nutritional interventions on various sleep parameters have been investigated over recent years. Aside from testing numerous herbal extracts, research has focussed on how ingestion of different macronutrients may impact sleep. A small number of studies have investigated the effects of different macronutrients and/or total energy consumed prior to bedtime (Afaghi et al, 2008; Hartmann et al, 1979; Porter & Horne, 1981; Zammit et al, 1995) or overall high carbohydrate vs. low carbohydrate diets (Phillips et al., 1975 ) on sleep quality. The data are limited and equivocal, likely due to varying study designs; however, based on the available information, it has been suggested that reduced caloric intakes may result in poorer sleep (S. Halson, 2013) . No studies to date have investigated the effects of targeted nutrition interventions during exercise on sleep parameters. The timing of nutrient intake to ensure high availability for performance and recovery is of great importance to athletes, but how this may impact sleep and thus, longer term recovery remains unknown.
It has been established that carbohydrate feeding before and during exercise can provide a substrate for muscle and brain during exercise and can delay muscle fatigue and enhance performance (For reviews, see (A. E. Jeukendrup, 2013; A. Jeukendrup, 2014) ).. Sherman and colleagues investigated the effects of a high (10 g/kg/day) vs. moderate (5 g/kg/day) carbohydrate diets on muscle glycogen levels during 7 days of intense cycling (Sherman et al, 1993) . The authors reported that the moderate carbohydrate diet resulted in a significant reduction in muscle glycogen over time (30-36%) compared with the high carbohydrate diet (Sherman et al., 1993) . Interestingly however, no difference in a maximal test to exhaustion was observed after the 7-day intensified training period compared to pre-trial, or differences between carbohydrate groups. Recent studies have shown that high carbohydrate intakes (8.5-9.4 g/kg/day) during periods of intensified training help to attenuate the decline in endurance performance and mood state compared to normal/moderate carbohydrate intakes (5.4-6.4 g/kg/day) Halson et al, 2004) . The current carbohydrate guidelines for athletes undergoing a high volume endurance training programme range from 6-10 g/kg/day (American Dietetics Association, Dietitians of Canada, 2009; Maughan & Burke, 2012) . During endurance exercise lasting longer than 1 h, recommended intakes range from 30-90 g/h carbohydrate (A. Jeukendrup, 2014; A. E. Jeukendrup, 2011; Maughan & Burke, 2012) or 30-60 g/h carbohydrate (American Dietetics Association, Dietitians of Canada, 2009). In practice, however, many athletes actually consume significantly lower intakes than recommended (Burke et al, 2001) due to a variety of factors including; restricted access to foods/fluids due to the nature of the sport, attempts to reduce gastrointestinal discomfort or concerns about energy balance and a desire to maintain low body fat levels (Garth & Burke, 2013) .
Given the known restorative qualities of sleep for athletic performance, it is of great interest to understand how periods of intensified training affect sleep quality in trained athletes. It is possible that training will elicit a level of stress that induces fatigue and the body responds with enhanced or at least sufficient sleep (restorative theory of sleep) or alternatively the combination of physiological and psychological stresses associated with intensified training programmes will result in a reduction in sleep efficiency and/or duration. It is of further interest to understand how a training-specific high carbohydrate nutritional intervention may impact not only performance and mood state, but subsequent sleep parameters compared with a moderate carbohydrate alternative. Interestingly, sleep deprivation can slow glucose metabolism (reducing the rate of glucose disposal and blunting the insulin response) by as much as 30-40% (Spiegel et al, 1999) , which has implications for glycogen resynthesis for athletes which could hinder subsequent exercise performance. Therefore, there may be important links between sleep, exercise and nutrition that are yet to be understood.
The aims of this study were two-fold. Firstly, we aimed to investigate the impact of 9 days of intensified training in well-trained cyclists on sleep quality, through analysis of nocturnal actigraphy, and mood state compared with baseline measurements. Secondly, we aimed to understand the effects of a high vs. moderate carbohydrate intervention on exercise performance, sleep parameters and mood state during intensified training. Ultimately, we hoped to gain an insight into the physical and psychological changes that occur in highly trained athletes undergoing relatively short periods of intensified training. It was hypothesised that intensified would result in some level of sleep disturbance in these athletes and that the high carbohydrate intervention may attenuate some of this disruption to sleep and help maintain performance and mood state in line with previous research.
This study was part of a larger project where we also studied effects on immune and endocrine systems and early markers or indicators of overreaching.
Methods

Participants
Thirteen highly-trained cyclists (age: 25.0 ± 5.8 y, maximal oxygen uptake (V̇O 2max ): 72.2 ± 4.9 ml/kg/min, height: 178.3 ± 3.9 cm, body mass: 69.8 ± 6.3 kg, body fat: 13.4 ± 4.1%) completed the study. Participants were included if they had a competitive cycling history of at least 3 y, were currently cycling at least three times per week for a minimum of 2 h/day and had a V̇O 2max of ≥65 mL/kg/min. Participants were excluded from the study if they were currently suffering from any cycling-related injuries or had experienced any symptoms of URTI in the four weeks prior to the study. Fifteen participants were recruited, two of which were unable to complete the study due to individual circumstances preventing them from training. All participants were informed of the purposes of the study and the risks associated with the procedures. Written informed consent was obtained from each participant and a general health questionnaire was completed before the study commenced.
The study was approved by the Loughborough University ethical advisory committee.
Experimental Design
In a double blind, randomised and counterbalanced, cross-over design, participants underwent two 9-day periods of intensified training (IT) while ingesting one of two nutritional interventions. During the high carbohydrate intervention (HCHO), participants consumed carbohydrate beverages at intakes in line with current ACSM guidelines (American Dietetics Association, Dietitians of Canada, 2009) before and during exercise, followed by a high carbohydrate and protein recovery beverage in the immediate recovery period (<10 min post-training). During the control condition (CON), participants were provided with lower carbohydrate concentration beverages before, during and after training.
No protein was provided in the control condition. Prior to their first trial, participants completed a 2-week pre-trial period to allow baseline measurements to be taken and familiarisation with study procedures. At the beginning and end of each period of IT, participants underwent a V̇O 2max test to assess performance. A 10-day washout period separated the two trials. Sleep was quantified each night throughout the trial with wrist watch actigraphy.
Pre-trial tests
During their first visit, participants underwent an incremental cycle test to exhaustion on an electronically braked ergometer (Lode Excalibur Sport, Groningen, Netherlands) to determine eligibility to participate. Breath by breath expiratory gases were analysed automatically throughout the test with a Moxus metabolic systems analyser (AEI Technologies Inc., Naperville, IL, USA). Heart rate was recorded continually using short range telemetry (Polar RS800CX, Polar, Kempele, Finland) and ratings of perceived exertion were recorded from participants during the final minute of each stage. If participants achieved a V̇O 2max of ≥65 ml/kg/min and were suitable according to all other criteria, they were included in the study. Following this, each suitable participant completed a 2-week pre-trial training diary, including mood-state questionnaires and a 3-day weighed diet diary. Participants were provided with heart rate (HR) monitors, SRM power meters (SRM Shimano DA7900 PowerMeter) and an actiwatch (MotionWatch 8, CamNtech, Cambridgeshire, UK) and requested to train according to their normal programmes during this phase. Body composition was determined by DXA at the Gatorade Sports Science
Laboratory at Loughborough University.
Training Procedures
Each IT programme was based on the participants' pre-trial training diaries and discussed with each individual athlete. Training volume and intensity (time spent in the highest 3 heart rate (HR) zones) was increased 2.5-fold from baseline. HR zones were calculated from maximum HR achieved during the V̇O 2max test on day 1 of IT. Five zones were devised, based on previous research within our group (Halson et al., 2002; Halson et al., 2004) Participants were responsible for uploading data files (power and HR) after each training session via secure online training software (Training Peaks Ltd.). This enabled the researchers to monitor training sessions that were not performed in the laboratory. In addition, participants completed a paper training diary during each day throughout the whole study period which consisted of a record of all training sessions, environmental conditions and perceived intensity.
Sleep Measurement
Participants were fitted with an actiwatch (MotionWatch 8, CamNtech, Cambridgeshire, UK) during their pre-trial period to obtain baseline sleep scores using wrist watch actigraphy. Baseline data were collected for 5 consecutive nights (mean). Participants continued to wear the actiwatch each night for the duration of the study. The actiwatch is a light weight, waterproof, wrist-worn tri-axial actigraph designed to provide an empirical measurement of movement throughout the night. The actiwatch uses activity counts to apply published algorithms for measurement on actigraphy data, resulting in a reliable and valid method for monitoring sleep (Sadeh, 2011) . Data were sampled at 50 Hz and processed into Participants were instructed to fit the HR chest strap when preparing for bed to ensure a strong signal was detected by the watch. HR recordings began after turning lights out for the night. Upon waking in the morning, participants were requested to note down their resting heart rate before stopping the recording session and getting out of bed.
Mood State
The Profile of Mood State shortened version (POMS-24) and the Daily Analysis of Lifestyle Demands on Athletes (DALDA) were completed daily. In addition, the full 65 item POMS questionnaire (POMS-65) was completed on days 1, 3, 6 and 9. Global mood state (GMS) was calculated from POMS questionnaires by summing the five negative measures of affect (tension, depression, anger, fatigue and confusion) and subtracting scores for vigour. Total mood disturbance (TMB) was monitored throughout IT by changes in global mood state.
The DALDA questionnaire identifies the sources (part A) and symptoms (part B) of stress for athletes. Changes in total mood disturbance were determined from DALDA B by analysing changes in the number of 'a' (worse than normal) and 'c' (better than normal) scores.
Nutritional Intervention and Assessment of Dietary Intake
Participants and lead investigators were blind to the intervention order. During IT, participants ingested either high (HCHO) or control (CON) nutritional beverage before, during and after each training session. Participants were instructed to consume their normal diet throughout each training period and keep their diets as similar as possible between the two conditions. In addition, participants completed a weighed diet diary each day through the entirety of each trial and at select time points during the pre-trial and washout periods.
Evening meals consumed before the performance tests were replicated as closely as possible each time, across both conditions. Caffeine was not permitted for 12 h before performance were informed that the variation in the nutritional intervention was in the recovery nutrition formulation, either tablet or beverage. When questioned after the study, no participants reported noticing any differences between carbohydrate beverages or that the intervention involved the manipulation of carbohydrate ingestion.
Performance Testing
Participants underwent a graded exercise test to exhaustion on an electronically braked 
Statistical Analysis
All data were analysed using statistical software (IBM SPSS Statistics 21) and are presented in text as Mean ± Standard Deviation. Changes in performance parameters, mood state and sleep parameters were analysed using a 2-way repeated measures analysis of variance (ANOVA). A Bonferroni adjustment was included into the analysis to correct for multiple comparisons. Data that were found to be significantly non-normal were log transformed prior to analysis. Between trial and pre-to post-IT changes in performance parameters were determined using an independent samples t-test. Trial order effects were tested using an independent samples t-test to compare group means. The level of significance was set at p<0.05.
Results
Nutritional Assessment
Total energy intake (EI) and dietary carbohydrate intake were significantly higher in HCHO than CON (4148 ± 766 vs 3501 ± 616 kcal and 9.9 ± 1.5 vs 7.4 ± 1.6 g carbohydrate, respectively; p<0.05) and increased significantly in both conditions compared with pre-trial intakes. Dietary protein intake was significantly higher in HCHO than CON (2.1 ± 0.5 vs 1.7 ± 0.4 g/kg protein; p<0.05) and compared with pre-trial intakes (1.7 ± 0.5 g/kg protein; p<0.05). No changes in protein were reported between pre-trial and CON. No differences in dietary fat intakes were observed between CON and HCHO (1.3 ± 0.4 vs 1.5 ± 0.4 g/kg;
p>0.05). Fat intake was significantly higher in CON than pre-trial intakes (p<0.05).
Intensified Training
Weekly training volume increased by 153% during IT compared with pre-trial baseline training (9.3 ± 2.4 to 23.5 ± 3.4 h/week; p<0.001). Total time spent training during the 9 days of IT was 30.2 ± 4.4 h. Weekly training intensity increased by 146% during IT compared with pre-trial baseline training (2.6 ± 2.5 to 6.5 ± 4.0 h/week spent training in zone 3 or above (≥82 % HRmax); p<0.01). Total time spent training above 82% HRmax during IT was 8.3 ± 5.2 h.
Performance Data
Data from the incremental tests to exhaustion revealed a significant reduction performance following IT in both conditions (p<0.05), with no differences between conditions; W max (391 ± 37 to 375 ± 38 W): maximum HR (190 ± 10 to 179 ± 8 bpm) and completion time (31:15 ± 03:12 to 30:00 ± 03:30). However, IT did not result in a significant reduction in absolute V̇O 2max : 4.91 ± 0.48 to 4.86 ± 0.48 L/min for pre-and post-IT, respectively.
Sleep Measurements
IT resulted in a significant increase in time in bed (456 ± 50 to 509 ± 48 min; p=0.02) (figure 1) with a non-significant increase in actual sleep time and resultant decrease in percentage sleep time (87.9 ± 1.5 to 82.5 ± 2.3%). Overall, actual sleep time was significantly higher in CON than HCHO throughout IT (396 ± 11 vs. 377 ± 16 min; p=0.03).
No trial order effects were observed between measured sleep parameters. Ten participants successfully recorded complete sets of sleep files from both trials, therefore the number of participants included in the sleep analysis is ten.
There was a significant progressive increase in the number of wake bouts during the night (28.1 ± 2.8 to 35.0 ± 2.6 bouts; p=0.03) (figure 1) and movement time (7.7 ± 0.9 to 12.7 ± 
Mood State Questionnaires
Daily records of POMS-24 showed a continual increase in total mood disturbance throughout IT (p<0.01) (figure 3). Overall, total mood disturbance was significantly higher in CON than HCHO throughout the period of IT (p=0.03). Data from POMS-65, recorded every three days supported findings from the shortened version, showing a significant increase in total mood disturbance with time (p<0.05) and total mood disturbance was significantly higher in CON than HCHO at day 9 (p=0.03).
Results from DALDA questionnaire also indicated a significant overall disturbance in mood state, with an increase in section B 'a Scores' (figure 4) and a decrease in number of 'c Scores' with IT (p<0.05).
****Insert Figures 3 and 4 here**** Morning HR did not change significantly from beginning to end of IT. However, following a non-significant increase during the first quarter of IT in HCHO, HR tended to fall by the end of IT (p=0.08). Post hoc analysis shows morning HR was significantly higher during days 5-6 in CON than HCHO (p=0.01); however, no main effect for condition was observed ( figure   5 ).
****Insert Figure 5 here**** Overnight HR proved difficult to record, with significant losses of signal throughout the night. Complete data sets were collected from 4 participants and therefore have not been included in the final analysis.
Discussion
The aims of the present study were to investigate the impact of 9 days of intensified training in well-trained cyclists on subjective sleep quality and mood state. Furthermore, we aimed to determine the effects of a high CHO nutritional intervention provided immediately before, during and after each training session, compared with a moderate CHO control on these parameters. The main finding of this study was that as little as 9 days of intensified training in highly-trained cyclists resulted in a significant and progressive decline in sleep quality, as assessed with actigraphy. In addition, we observed significant declines in mood state and maximal exercise capacity during a test to exhaustion. The high CHO nutritional intervention reduced some, but not all of the detrimental effects of IT.
The cycle of successful training must involve overload to a state of acute fatigue, followed by a period of rest. The results of such training are positive adaptations and improvements in performance (Meeusen et al., 2013) . However, if overload training is not followed by sufficient rest, overreaching may occur. Overreaching has recently been defined as an accumulation of training and non-training stress resulting in short-term declines in physical performance with or without related physical and psychological symptoms (Meeusen et al., 2013) . Performance capacity may take several days to several weeks of recovery to be fully restored. Sleep is an essential aspect of recovery and fatigue management (Myllymaki et al., 2011; Samuels, 2008) . Disturbed sleep is often reported as both a contributor (Jurimae = et al, 2004; Kuipers & Keizer, 1988; Meeusen et al., 2013) and/or symptom of overreaching (Kentta & Hassmen, 1998; Kuipers & Keizer, 1988; Meeusen et al., 2013; Tayloret al, 1997) , however there is a paucity of data to support either of these claims. Whilst a full state of overreaching may not have occurred in all of the participants in this study, many reported performance decrements and declined mood states during the period of IT, thus these findings support the anecdotal evidence and suggested hypothesis that IT, leading to overreaching can result in compromised sleep quality. It is of interest that these athletes increased the time they spent in bed (TB) during IT, suggesting that they were exhibiting symptoms of fatigue; and although the increased time in bed did not result in an increase in actual sleep time, it did compensate for impaired sleep quality as such that actual sleep time was not significantly changed during IT. Our data revealed that sleep efficiency was significantly reduced during the intensified training period from 83.1 ± 5.3 to 77.8 ± 8.6 %.
Furthermore, there was an increase in the number of wake bouts throughout the night and overall a more fragmented sleep period. In addition, the cyclists experienced significant disruptions to mood state, reporting increased tension, anger, fatigue, confusion, depression and increased feelings and symptoms of stress.
These findings contradict the theory that sleep is proportional to restorative needs and instead fall in line with results from similar studies that have reported impaired sleep efficiency during periods of intense training (Fietze et al., 2009) or when athletes have become overreached (Hausswirth et al., 2014) . However, it is interesting to note that actual sleep time was significantly higher during IT in CON than HCHO, which may indicate an increased requirement for recovery and/or expression of fatigue. It is understood that some forms of training are known to result in detrimental psychological effects (Raglin & Morgan, 1994) and that mood disturbances increase in a progressive manner with step-wise increases in training load (Morgan et al, 1987) . Significant increases in POMS-24 and POMS-65 total mood disturbance were observed in both conditions as a result of IT. Furthermore, there was a significant increase in DALDA scores for symptoms of stress being 'worse than normal'.
These findings support the work of previous research into the psychological impacts of intensified training, overreaching and overtraining in athletes Halson et al., 2002; Halson et al, 2003; Halson et al., 2004; Jeukendrup et al, 1992; Morgan et al., 1987; Morgan et al, 1988; Witard et al, 2011) .
A high carbohydrate intake during intensified training programmes has been suggested to help maintain performance and mood state Halson et al., 2004; Jacobs & Sherman, 1999) . The findings of this study support these suggestions; with data from the CON condition showing significantly higher total mood disturbance throughout IT (daily POMS-24) and significantly higher total mood disturbance in CON than HCHO at the end of IT . No differences between conditions were observed from the DALDA, suggesting that the POMS questionnaire may be a more sensitive measure of mood state.
Interestingly, this study found no differences in V̇O 2max test results between the HCHO and CON conditions, with both reporting significant declines in peak power, completion time and maximum HR. Whilst these findings do not support the results of the aforementioned studies, these data are in agreement with the findings of Sherman and colleagues (Sherman et al., 1993) who investigated the effects of moderate vs. high carbohydrate diets on training capacity and high intensity exercise performance. These authors reported that although intensified training on a moderate carbohydrate diet resulted in significant reductions in muscle glycogen compared with the high carbohydrate diet, no differences in high intensity exercise performance were observed.
It is interesting to note that the small addition of protein to the recovery supplement in the HCHO condition resulted in a significant overall increase in dietary protein in HCHO compared with CON. A recent study found that high dietary protein intakes (3 g/kg/day), especially when consumed immediately after exercise, attenuates mood state disturbances and endurance performance decrements compared to a moderate intake (1.5 g/kg/d) following a short term period of intensified training (Witard et al., 2011) . Although protein intakes during HCHO were substantially lower than in the study of Witard and colleagues (3 g/kg/day vs. 2.1 g/kg/day), it may be possible that the timing of protein ingestion after exercise provided a stimulus for recovery that was not available during CON. The additional protein ingested following each session in HCHO may have contributed to the small differences observed between HCHO and CON and should therefore not be overlooked.
To our knowledge, our study is the first to investigate the effects of intensified training with a high carbohydrate nutritional intervention on sleep parameters. Despite intensified training having a detrimental effect across a range of sleep parameters, the only difference between conditions observed was significantly longer actual sleep time in CON compared with HCHO (396 ± 11 vs. 377 ± 16 min). It was also observed that during the third quarter of IT (days 5-6), HR was significantly higher in CON than HCHO (52 ± 9 vs. 46 ± 7 bpm). These, together, could indicate a greater level of fatigue in the CON condition and that the high carbohydrate availability during exercise in the HCHO trial may have provided a level of protection against the changes in sympathetic nervous activity that are thought to be linked to the OTS (Israel 1976).
Conclusions
Overall, these findings suggest that relatively short periods of intensified training, similar to a training camp, can result in significant disruptions on sleep quality and mood state. It is interesting to note that high intensity exercise performance decreased significantly following IT independent of nutritional intervention, which suggests athletes may have been exhibiting early signs of overreaching. The athletes in this study were not aware that the two trials involved varying CHO intakes, therefore it is unlikely that differences observed in mood state were a result of knowing that they were exercising with insufficient energy replacement 
